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Abstract

Background—Abnormal levels of CD8+ T-cell activation persist in HIV-1-infected patients on
suppressive antiretroviral therapy (ART) and may be deleterious.

Methods—CD8+ T-cell activation (%co-expressing CD38/HLA-DR) was analyzed on blood
specimens from 833 HIV-1-infected patients on ART for =96 weeks with concurrent plasma HIV
RNA (VRNA) <200 copies/mL. Factors associated with CD8+ T-cell activation were assessed
using generalized estimating equations to incorporate longitudinal measurements (median 4/
participant).
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Results—Participants were 84% male, 47% white, 28% black, 22% Hispanic; with median pre-
ART age 38 years and median ART exposure 144 weeks. CD8+ T-cell activation was higher at
timepoints when VRNA was 51-200 copies/mL versus <50 copies/mL (mean CD8+ T-cell
activation 23.4% vs. 19.7%; adjusted difference: 1.7% [95%CI 0.1%-3.4%], p=0.042). Restricting
to VRNA<50 copies/mL, multivariable models showed the following factors associated with
higher CD8+ T-cell activation: older age (=45 vs. <30 years: 3.6% [1.4%-5.7%], p=0.004), HCV
antibody positivity (3.6% [0.9%—6.2%], p=0.032), Hispanic vs. White (7.2% [5.3%-9.0%],
p<0.001), lower concurrent CD4 count (<200 vs. >500 cells/mm3: 2.2% [0.7%-3.7%], p<0.001),
lower concurrent CD4/CD8 ratio (-2.6% [-3.7%— —1.5%] per 0.5 unit increase, p<0.001), and
higher pre-ART CD8+ T-cell activation (2.0% [1.6%—2.5%] per 10% higher, p<0.001).

Conclusions—In participants included in our analysis, residual low-level viremia between
51-200 copies/ml during ART was shown to be associated with greater CD8+ T cell activation
than full suppression to <50 copies/ml. Older age, HCV positivity, race/ethnicity, higher pre-ART
CD8+ T-cell activation, and lower concurrent CD4/CD8 ratio and CD4 cell count also contribute
to greater CD8+ T-cell activation during suppressive ART.
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Introduction

Antiretroviral treatment (ART) leads to virologic suppression, increases in circulating CD4+
T-cells, and a decline in T-cell activation in most HIV-infected patients, but levels of
activation do not normalize to the levels of HIV-uninfected individualsl—3. Persistent CD8+
T-cell activation also appears to predict poor CD4+ T-cell recovery during ART# and may
play a role in the development of non-AIDS and AIDS-related complications in patients on
ART>-8 albeit the risk of non-AIDS events has been associated primarily with other
markers of immune activation (e.g., IL-6)’. In addition, persistent T-cell activation may
facilitate replenishment of the viral reservoir and impede decay of proviral DNA?, and it has
been associated with increased risk of viral blipsi0. For these reasons, defining risk factors
for persistent CD8+ T-cell activation may help identify both novel targets for interventions
and populations at highest risk.

Previous studies have identified potential risk factors for persistent CD8+ T-cell activation,
but our knowledge of the determinants of persistent activation is incomplete. Factors
associated with the level of CD8+ T-cell activation include pre-treatment nadir CD4+ T-cell
count!®; duration of ART-mediated viral suppression®11, HCV co-infection11-14 CMV
and/or other herpesvirus co-infection®, CD4/CD8 ratiol®-17, and possibly statin use!S.
However these findings were often based on populations including viremic subjects off or
on ART, had not fully examined multiple co-factors in adjusted models, or had been
relatively underpowered to assess some risk factors. In addition, the influence of the degree
of virologic suppression on CD8+ T-cell activation has not been fully addressed; viral blips
below 400 copies/mL have been reported not to change CD8+ T-cell activation levels
significantlyl9, but the impact of persistent viremia of 50-200 copies/mL has yet to be
elucidated. It is critical to fill this knowledge gap partly because current United States
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Department of Health and Human Services (DHHS) guidelines suggest that the threshold for
virologic failure in clinical practice should be HIV-1 RNA > 200 copies/mL1°. Finally, the
relationship between T-cell activation and the magnitude of CD4+ T-cell (CD4) restoration
in patients experiencing prolonged viral suppression is not certain. Although this issue has
been investigated by several groups, conflicting results have been published. A cross-
sectional study suggested that CD8+ T-cell activation influences the extent of gains in CD4
cell counts from 3 months onwards in virally suppressed patients while on ART1L. However,
Benito et al. found no association between the extent of decline in CD8+ T-cell activation
and the extent of CD4 cell recovery in a longitudinal study20. Both studies had small sample
sizes (99 and 31, respectively) and follow-up ranged from 27 — 42 months after initiating
ART. Two AIDS Clinical Trials Group [ACTG] investigations with larger samples reported
that higher CD8+ T-cell activation after starting ART was associated with lower CD4 cell
count increases?4.

Using CD8+ T-cell activation data from several large ACTG studies, we examined whether
degree of virologic suppression influences CD8+ T-cell activation by comparing the levels
of CD8+ T-cell activation between timepoints with HIV-1 RNA < 50 copies/mL to those
with low-level viremia (51-200 copies/mL). Furthermore we evaluated several factors as
potential correlates of CD8+ T-cell activation after long-term viral suppression. We believe
this is the largest such analysis ever undertaken.

Study population and CD8+ T-cell activation

The study population was drawn from four ACTG treatment studies of initially ART-naive
HIV-infected individuals (A384, A388, A5014 and A5095)%?1-24 and the analysis used
additional data and follow-up from the ACTG Longitudinal Linked Randomized Trials
(ALLRT) observational cohort2> where CD8+ T-cell activation measurements were
obtained longitudinally. To be included in the analyses, participants had to have at least one
CD8+ T-cell activation (% CD8+ T-cells co-expressing CD38/HLA-DR) measurement at a
timepoint when HIV-1 RNA < 200 copies/mL after = 96 weeks of ART (regimen changes
permitted).

The CD8+ T-cell activation was measured longitudinally at 16-48 week intervals on freshly
obtained blood specimens (collected in 2000-2003) at different ACTG laboratories using a
standardized ACTG protocol?. HIV-1 RNA was measured using Roche Ultrasensitive assay
(lower detection limit of 50 copies/mL) run centrally in the Johns Hopkins University
laboratory.

Statistical methods

The objective of this analysis was to identify important factors associated with CD8+ T-cell
activation in virally suppressed subjects who have been on long-term ART. There were two
aims. The first aim was to assess whether the degree of virologic suppression influences
CD8+ T-cell activation. Levels of CD8+ T-cell activation between timepoints with HIV-1
RNA < 50 copies/mL and 51-200 copies/mL were compared using the generalized
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estimating equation (GEE) method and an exchangeable correlation structure to take into
account repeated measures and within-subject correlations26. Analysis was restricted to
timepoints after 96 weeks of ART with concurrent and previous HIV-1 RNA < 200
copies/mL. Univariate and multivariable GEE models were used to adjust for demographics
(age, sex, race/ethnicity), other pre-treatment factors (CD4 cell count, HIV-1 RNA level,
injection drug use) and on-treatment factors (concurrent CD4 cell count, ART class, HCV
antibody status, statin use, body mass index (BMI) category, duration of prior viral
suppression).

As a second aim, we assessed factors associated with CD8+ T-cell activation when HIV-1
RNA was < 50 copies/mL, using univariate and multivariable GEE models and correlations.
For this aim, we restricted the analyses to timepoints at or after 96 weeks of ART when both
the concurrent and previous HIV-1 RNA were < 50 copies/mL. Due to a large number of
assay laboratories contributing data, all models were adjusted for assay laboratory by
including a categorical variable with each level representing a laboratory (measurements
without laboratory information were assigned to a level with missing laboratory). Highly
correlated factors were evaluated separately in multivariable models. Sensitivity analyses
were carried out to assess the robustness of our results.

A total of 833 participants were included in the analyses. The majority of participants were
male (84%); 47% were white non-Hispanic, 28% were black non-Hispanic, 22% were
Hispanic and 2% were other race/ethnicity (Asian/American Indian/Alaskan Native). The
median (Q1, Q3) pre-ART age was 38 (32, 44) years. Median (Q1, Q3) pre-treatment HIV-1
RNA was 5.2 (4.5, 5.6) logyo copies/mL and CD4 cell count was 222 (51, 390) cells/mm3.
Thirty-six percent of participants initiated a protease inhibitor (PI) + nucleoside reverse
transcriptase inhibitors (NRTIs) regimen, 31% started a P1+ non-nucleoside reverse
transcriptase inhibitor (NNRTI) regimen, 28% initiated a NNRTI+NRTIs regimen, and 5%
started a NRTI-only regimen (Table 1). Pre-ART characteristics were generally similar
among the parent studies with the exception that ACTG 388 participants had more advanced
HIV disease (this study only enrolled those with CD4 count < 200 cells/mm?3 or HIV-1 RNA
> 80,000 copies/mL).

CD8+ T-cell activation was analyzed after 96 weeks of ART (median 144 weeks, ranging
from 96 to 256 weeks), with a median (Q1, Q3) of 4 (2, 6) measurements per participants.
The median (Q1, Q3) duration of virologic suppression (<200 copies/mL) prior to CD8+ T-
cell activation measurements was 112 (84, 146) weeks. Among the 3382 CD8+ T-cell
activation measurements, 3071 (91%) were at timepoints with both current and previous
plasma HIV-1 RNA level < 50 copies/mL, 136 (4%) at timepoints with current HIV-1 RNA
< 50 copies/mL and previous RNA between 51-200 copies/mL and 175 (5%) at timepoints
with current HIV-1 RNA between 51-200 copies/mL and previous HIV-1 RNA < 200
copies/mL. The estimated correlation between CD8+ T-cell activation measurements within
the same participant was 0.66 (based on the null GEE model).
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Among the 3382 CD8+ T-cell activation measurements included in the analyses, 78% were
assayed in 29 different laboratories (22% did not have testing laboratory information). The
number of CD8+ T-cell activation measurements contributed by each laboratory ranged
from 3 to 289 with the number of participants ranging from 1 to 82. Seven laboratories
contributed 41% of the measurements with similar contributions between the two large
parent studies. The median CD8+ T-cell activation reported by the 7 largest laboratories
ranged from 10% to 25% with overlapping interquartile ranges. All testing laboratories
followed the same standardized operating procedure when testing CD8+ T-cell activation.

Virologic suppression and CD8+ T-cell activation

As expected, CD8+ T-cell activation markedly declined after initiation of ART (Figure 1).
Levels of CD8+ T-cell activation were compared between timepoints with both current and
previous HIV-1 RNA < 50 copies/mL versus concurrent HIV-1 RNA between 51-200
copies/mL and previous HIV-1 RNA < 200 copies/mL. CD8+ T-cell activation was higher
at timepoints when concurrent HIVV-1 RNA was 51-200 copies/mL than at timepoints when
HIV-1 RNA was <50 copies/mL (mean CD8+ T-cell activation 23.4% vs. 19.7%, model-
estimated difference 1.8%, 95% confidence interval [0.2%, 3.3%], p=0.026). After adjusting
for demographics (age, sex, race/ethnicity), other pre-treatment factors (Hepatitis C virus
antibody status, statin use, injection drug use, CD4 cell count, HIV-1 RNA, BMI category)
and on-treatment factors (concurrent CD4 cell count, ARV class, duration of viral
suppression and assay laboratory), CD8+ T-cell activation remained higher for
measurements with concurrent HIV-1 RNA between 51-200 copies/mL (adjusted estimated
difference 1.7% [0.1%, 3.4%], p=0.042). We further evaluated the association in the smaller
dataset restricted to participants who had pre-ART CD8+ T-cell activation results available
(513 participants with 1916 CD8+ T-cell activation measures) using the same multivariable
model as above but with additional adjustment for pre-ART CD8+ T-cell activation. Higher
CD8+ T-cell activation was still associated, albeit marginally, with HIV-1 RNA between
51-200 copies/mL (2.0% [-0.1%, 4.1%, p=0.067).

Factors associated with CD8+ T-cell activation when HIV-1 RNA is < 50 copies/mL

To assess pre-treatment and treatment related factors associated with higher CD8+ T-cell
activation in participants with HIV-1 RNA < 50 copies/mL, we restricted analyses to CD8+
T-cell activations at timepoints with both current and previous HIV-1 RNA below this
threshold (3071 measurements from 797 participants). Pre-ART characteristics of the
participants were similar to those for the overall analysis population.

In the multivariable model adjusting for concurrent ARV class and assay laboratory, the
following factors were independently associated with higher CD8+ T-cell activation (Figure
2): older age (difference in CD8+ T-cell activation between those >45 vs. <30 years: 3.6%
[1.4%, 5.7%], p=0.004), Hispanic or other race/ethnicity (Hispanic vs. white: 7.2% [5.3%,
9.0%]; other vs. white: 9.9% [5.3%, 14.4%], p<0.001), HCV antibody status (positive vs.
negative, 3.6% [0.9%, 6.2%], p=0.032) and lower concurrent CD4 cell count (51-200 vs. >
500 cell/mm3: 2.2% [0.7%, 3.7%], p<0.001). Sex, pre-ART viral load, statin use, BMI and
duration of viral suppression were not associated with CD8+ T-cell activation (all p = 0.11).
Lower pre-ART CD4 cell count was significantly associated with higher CD8+ T-cell
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activation in the univariable model (p=0.006), but the association did not persist when
concurrent CD4 cell count was included in the multivariable model (p=0.26). The effects of
other factors were similar in univariable models compared to the multivariable model. Due
to high correlation between injection drug use (IDU) and HCV antibody status, IDU was
evaluated in a separate multivariable model which did not include HCV antibody status and
was not found to be significantly associated with higher CD8+ T-cell activation (p=0.22).
IDU was also not significantly associated with CD8+ T-cell activation in the univariable
model (p=0.34). We also examined the association between age and CD8+ T-cell activation
treating age as a continuous variable in a comparable multivariable model and found a
significant association (per 10 years older: 1.4% [0.7%, 2.2%], p<0.001).

Due to the nature of our analysis population and pooling of data from multiple testing
laboratories, two sets of sensitivity analyses were carried out. The first set attended to
potential differences among subpopulations from the 4 parent studies. We first adjusted for
parent study in the multivariable model and then evaluated the associations separately in the
two large parent studies (the number of participants from the other two parent studies was
not large enough to allow us to carry out the multivariable analysis). The above identified
associations remained significant in both sensitivity analyses. The second set of sensitivity
analyses attempted to address the issues related to pooling data from various testing
laboratories. We first carried out the same multivariable model without adjustment for
testing laboratories, then in a subset restricted to testing laboratories with high within-person
correlations (r= 0.45), and in a subset restricted to CD8+ T-cell activation measures with
available testing laboratory information, and finally in a subset restrict to the 7 largest
contributing laboratories. Similar results were obtained in all the sensitivity analyses, i.e.,
similar statistical significance and magnitude of the effects.

In a subgroup analysis of 491 participants with pre-ART CD8+ T-cell activation data, there
was also a significant association between pre-treatment CD8+ T-cell activation and CD8+
T-cell activation on long-term ART (2.0% [1.6%, 2.5%] per 10% higher pre-ART CD8+ T-
cell activation, p<0.001), when added to the multivariable model of the factors above. In this
model including pre-ART CD8+ T-cell activation, older age (=45 vs. <30 years: 3.2%
[0.8%, 5.5%], p=0.019), Hispanic or other race/ethnicity vs. white (Hispanic vs. white: 5.0%
[2.7%, 7.3%]; other vs. white: 8.5% [2.2%, 14.8%], p<0.001), HCV antibody status
(positive vs. negative: 5.0% [2.3%, 7.6%], p=0.003), and lower concurrent CD4 cell count
(51-200 vs. > 500 cell/mm3: 2.7% [0.9%, 4.5%)], p=0.001) remained significant.

In a separate subgroup analysis of 426 participants with concurrent CD4+ T-cell activation
(% co-expressing CD38/HLA-DR), CD4+ activation was significantly associated with
CD8+ T-cell activation (0.58% [0.42%, 0.73%] per 1% higher concurrent CD4+ T-cell
activation, p<0.001) in the multivariable model of the same factors. Concurrent CD4 cell
count was no longer associated with CD8 T-cell activation when CD4+ T-cell activation was
added to the model.

To determine the association between CD4/CD8 ratio and CD8+ T-cell activation, pre-ART
and concurrent CD4/CD8 ratio were evaluated in a multivariable model (adjusted for ARV
regimen class and assay laboratory) with demographics (age, sex, race/ethnicity), pre-
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treatment HIVV-1 RNA level and on-treatment factors (HCV antibody status, statin use, BMI
category, duration of prior viral suppression). Concurrent CD4/CD8 ratio (over all
observations median = 0.68; Q1-Q3: 0.45-1.01) was significantly associated with CD8+ T-
cell activation (-2.6% [-3.7%, —1.5%] per 0.5 unit increase, p<0.001). Pre-ART CD4/CD8
ratio was significantly associated with on-treatment CD8+ T-cell activation in a univariable
model, but was no longer significant in the multivariable model when concurrent CD4/CD8
ratio was present. When concurrent CD8+ T-cell count was evaluated in a separate
multivariable model adjusting for pre-treatment and concurrent CD4 count as well as the
same factors above, concurrent CD8+ T-cell count was significantly associated with CD8+
T-cell activation (0.3% [0.2%, 0.5%] per 100 cells increase, p<0.001).

To describe on a common scale above identified associations with CD8+ T-cell activation, a
resampling method?? was used to estimate univariate associations in terms of Spearman
correlations between CD8+ T-cell activation (after 296 weeks of ART with both current and
previous HIV-1 RNA <50 copies/mL) and age, pre-ART CD4 cell count, concurrent CD4
cell count and concurrent CD4/CD8 ratio. The strongest correlation was observed between
CD8+ T-cell activation and concurrent CD4/CD8 ratio (r= —0.20), followed by concurrent
CD4 cell count (r=-0.18), age (r= 0.12) and pre-treatment CD4 cell count (r= —0.10).

Discussion

Using a large dataset of CD8+ T-cell activation measurements in HIV-infected participants
on long-term suppressive ART, we evaluated factors associated with CD8+ T-cell
activation. In our analyses, compared to timepoints with stable plasma HIV-1 RNA levels <
50 copies/mL, HIV-1 RNA between 51-200 copies/mL during ART was associated with
higher CD8+ T-cell activation, albeit of a small magnitude. This supports the possible
immunologic consequences of less than complete virologic suppression?8-29, When
restricted to timepoints when HIV-1 RNA was < 50 copies/mL, older age, HCV positivity,
Hispanic race, lower concurrent CD4/CD8 ratio, and lower concurrent CD4 cell count were
independently associated with higher CD8+ T-cell activation. While the association between
viremia of 51-200 copies/mL and higher CD8+ T-cell activation identified in our study may
suggest that activated T-cells are a source of low-level viremia during ART (to the extent
that CD8+ T-cell activation reflects CD4+ T-cell activation), or that low-level viremia
directly activates CD8+ T-cells, a causal relationship cannot be assumed. Our findings may
also be consistent with alternative explanations. For example, it is possible that low-level
viremia and CD8+ T-cell activation are caused or mediated by common factors (i.e., co-
infections, vaccinations, etc.) or that low-level viremia is a consequence of impaired
immunity rather than a cause. Regardless of its nature, the association urges evaluation of
other potential effects of low-level viremia. A recently published cohort study showed that
persistent low-level viremia of 51-200 copies/mL for 6 months was associated with an
increased risk of virologic failure when compared to undetectable viral load for the same
period3C. Studies are needed to determine whether viremia of 51-200 copies/mL affects
levels of soluble markers of immune activation and monocyte activation, which are more
predictive of non-AlIDS events during ART than CD4+ or CD8+ T-cell activation’: 31, A
better understanding of the effect of low-level viremia on resistance evolution, virologic
failure and clinical outcomes is needed as well. These data are necessary to determine
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whether viremia of 51-200 copies/mL should be tolerated in clinical practice, as suggested
by the DHHS guidelines, or whether viral suppression below 50 copies/mL should be the
treatment target in all patients.

Heightened immune activation may be one of the mechanisms for premature aging of HIV-
infected patients despite ART. Indeed, age has been shown in HIV-uninfected individuals to
be associated with increased CD38/HLA-DR expression on CD8 cells32. Our study is the
first to clearly demonstrate that in HIV-infected patients with HIV-1 RNA < 50 copies/mL
on ART, CD8+ T-cell activation is higher in older subjects than in younger participants (per
10 years increase: 1.4% [0.7%, 2.2%], p<0.001). Among older (= 50 years old) individuals
with HIV RNA < 200 copies/mL, a recent study, with study population drawn from the same
cohort of ours, reported a significant association between elevated on-ART CD8+ T-cell
activation (%CD38+HLA-DR+) and incidence of an AIDS or non-AIDS event in years 2-5
on ART on suppressive ART, with an odds ratio (OR) of 1.42 per 10 percentage point
higher CD8+ T-cell activation; a significant association was also seen among all subjects,
with OR=1.225.

A recently published study has shown the association between lower CD4/CD8 ratio and
higher CD8 T-cell activation in treated HIV-infected patients with undetectable viral load
and high CD4+ T-cell count!8-17, This association was replicated across different CD4
count levels in our study population, although the observed association seems to be weaker
than was reported for CD4> 500 cells/mm? population in the previous study (-0.20 vs.
-0.51).

We also confirmed that HCV co-infection is associated with increased CD8+ T-cell
activation, which was shown in several other studies!1-14. However due to limited data, we
could not further evaluate the association of HCV RNA level and CD8+ T-cell activation.

We did not find an association between pre-treatment HIVV-1 RNA level and CD8+ T-cell
activation during viral suppression. The association between lower pre-treatment CD4 cell
count and increased CD8+ T-cell activation was significant in univariable analysis, but no
longer significant in the multivariable analysis when concurrent CD4 cell count was present.
This is consistent with previously reported associations between persistent CD8+ T cell
activation and blunted ART-mediated CD4+ T cell recovery? 4 11,

The observed association of Hispanic or other race/ethnicity with increased CD8+ T-cell
activation is surprising and puzzling. In sensitivity analyses, the association between
Hispanic race and increased CD8+ T-cell activation remained significant (Hispanic vs.
White: 7.1% [5.3%, 8.9%)] in the parent study adjusted analysis; 6.1% [3.8%, 8.3%] in
ACTG 384 subpopulation and 10.1% [6.8%, 13.4%] in ACTG 388 subpopulation). To our
knowledge there is no known clinical correlation for this finding. Differences in clinical
outcomes between Hispanics and others have not been studied extensively in large studies
that have the ability to control for potential confounders33. Of the few studies that evaluated
Hispanic ethnicity, almost all did not see a racial/ethnic difference in clinical progression of
HIV33-36_ One exception is a large study that reported greater mortality in Blacks and
Hispanics, compared to Whites, in analyses that adjusted for age. The investigators’ finding
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may be due to confounding factors since Blacks and Hispanics in the study population had
significantly more medical comorbidities3’. If the racial/ethnic differences in CD8+ T-cell
activation observed in our study are confirmed, one possible explanation is that they may be
driven by some unmeasured differences between subjects or underlying genetic factors.
Future studies to explore genetic determinants of CD8+ T-cell activation may be worth
pursuing.

Our study has a number of strengths. First, we examined over 800 individuals and more than
3000 CD8+ T-cell activation measurements, giving us the power to detect important
associations that may have been missed by smaller studies. In our second aim, we focused
our analyses on participants with sustained viral suppression of HIV-1 RNA < 50
copies/mL. This enabled us to evaluate the factors associated with CD8+ T-cell activation
without the potential confounder of uncontrolled viremia.

There are several limitations for our study. First, some of the CD8+ T-cell activation
measurements were taken when participants were on antiretroviral regimens no longer
recommended due to suboptimal virologic efficacy (25% on unboosted PI regimen, 31% on
unboosted PI+NNRTI regimen and 4% on NRTIs only regimen at week 96). Hence we did
not formally evaluate the impact of specific ARVs on CD8+ T-cell activation; instead, we
adjusted for ARV drug class in the multivariable model. Second, we had limited data on
HCV RNA levels, and no information on cytomegalovirus and herpes simplex virus, which
constrained our ability to fully assess the effects of these co-infections. Finally, the CD8
activation measures were contributed by a large number of ACTG assay laboratories.
Although all laboratories used an ACTG standardized consensus protocol for the assay in
terms of processing times, processing procedures, reagents, analysis, etc., only a small
subgroup (4 laboratories) underwent an external quality assurance program. To interrogate
the impact of pooling assay data generated from various laboratories on our findings, we
adjusted for the testing laboratories in both the univariable and multivariable models.
Furthermore, we carried out a set of sensitivity analyses to evaluate the robustness of our
findings and obtained similar results. Nevertheless, we cannot definitively exclude the
possibility that measurement bias contributed to our results, so it would be valuable to have
our findings confirmed by a study using a central laboratory for CD8+ T-cell activation
testing.

In conclusion, our results suggest that in participants included in our analysis, HIV-1 RNA
between 51-200 copies/mL duing ART was associated with higher CD8+ T-cell activation
compared with levels < 50 copies/mL. Among persons with viral load < 50 copies/mL, older
age, HCV antibody positivity, Hispanic race, higher pre-ART CD8+ T-cell activation, lower
concurrent CD4/CD8 ratio and lower concurrent CD4 cell count were independently
associated with higher CD8+ T-cell activation. Although it is not clear that intervention to
reduce CD8+ T-cell activation would have any clinical benefit, mechanisms for the observed
associations should be studied and clinical correlates of these factors should be delineated.
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Figure 1.

CD8+ T-cell activation (% co-expressing CD38/HLA-DR) levels pre-ART and at 96 and
144 weeks on ART. Top and bottom of the box represent the lower and upper quartiles. The
bar and the symbol inside the box represent the median and the mean, respectively. The
whiskers extend to the furthest measurement within 1.5 times the interquartile range from

the upper or lower quartile.
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% CD38+/HLA-DR+ CD8+ T-cells (95% Cl)

Variable (reference group [number of observations])

Age at parent study entry (yrs, <= 30 [n=577])

45+ [n=730] = 3.6(1.4,5.7)

31-44 [n=1764] = 1.4 (-0.4,3.2)
Sex (Male [n=2594])

Female [n=477] HH 0.4 (-1.4,2.1)
Race/ethnicity (White [n=1544])

Black [n=772] HH -0.1(-1.7,1.5)

Hispanic [n=678] e 7.2(5.3,9.0)

Other [n=77] F—— 9953, 144)
Baseline CD4 count (cells/mm3, >500 [n=383])

0- 50 [n=802] H=— 1.5 (-0.9, 3.9)

51 - 200 [n=727] = 2.5(0.2,4.7)

201 - 350 [n=638] = 2.0 (-0.0,4.1)

351 -500 [n=521] = 1.5 (-0.7,3.7)
Baseline HIV-1 RNA (log10 ¢/mL)

per 1 log increase L -0.3(-1.3,0.7)
Concurrent CD4 count (cells/mm3, >500 [n=1672])

51 - 200 [n=165] k= 2.2(0.7,3.7)

201 - 350 [n=541] 0.1(-0.7,0.9)

351 - 500 [n=693] -0.5(-1.2,0.2)
HCV Ab status (Negative [n=2547])

Positive [n=225] = 3.6(0.9,6.2)

Missing [n=299] HH -0.1(-2.2,1.9)
Weeks of prior viral suppression

per 12 wks longer H 0.0 (-0.1, 0.1)
BMI category (Underweight [n=41])

Normal [n=1400] - 1.0 (-0.2, 2.3)

Overweight [n=1034] - 1.3(0.0,2.5)

Obese [n=436] i 1.6 (-0.0,3.2)

Missing [n=160] = 43 (-7.1,-1.4)
Statin use (No [n=2639])

Yes [n=297] k= 0.7 (-0.7, 2.0)

Missing [n=135] _ =  45(0.1,90)

80 00 15.0

Figure 2.

Associations of demographics and clinical factors with CD8+ T-cell activation in subjects
on ART = 96 weeks with concurrent and previous HIV-1 RNA < 50 copies/mL. Results are
from a multivariable repeated measure model; the effects of each factor are adjusted for all
the other listed factors, as well as concurrent ART class and assay laboratory.
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